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QUANTITATIVE RESEARCH 


The discovery of a new scientific phe- 
nomenon is usually the result of quali- 
tative research—the attempt to find 
out what happens under certain condi- 
tions. Before the phenomenon can be 
put to practical use it is necessary to 
know much more about it—how much 


of an effect is produced under just 
which precisely measured conditions— 
this being the province of quantitative 
research, 

As Prof. Kethley points out in his 
article beginning on page five, qualita- 
tive investigations leading to a new dis- 
covery can be, and often are, performed 
by an individual experimenter working 
with inexpensive equipment. But to 
provide the knowledge essential for 
control and application of a phenome- 
non requires systematic, quantitative 
study of its fundamental governing 
laws. This is often a costly procedure 
involving teams of scientists and elabor- 
ate equipment. Yet only when these 
laws or limitations are known can 
practical potentialities be assessed. 
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The growing trend of industry to move 
South promises an renaissance for 
Georgia and her neighboring states. World War 
Il experiences demonstrated the capability of 
Southern labor to staff plants requiring skills 
long considered a unique resource of established 
industrial regions. Thus fell the last barrier 


to development of the South's extensive natural 


economic 


resources. 


As industries migrate to our area and as 
native industries develop to process our abun- 
dant raw materials, both mineral and agricultural, 
the demand for technically trained manpower 
will increase markedly. Men with special knowl- 
edge will be needed at all levels—skilled labor, 
technicians, engineers. research scientists and 
executives. 

Georgia Tech is well prepared to supply men 
of the type required. Last June, 1,541 bachelor 
and 108 master degrees were awarded by Tech's 


full-time engineering and science schools. En- 


rollment for evening school college credit, re- 
fresher, certificate and adult education courses 
given by our Engineering Extension Division 
totaled 2,228 for the 1949-50 session. This 
Division also provides technical training for 
employees in their own plants. conducts short 
courses and conferences on industrial problems 
and operates the Southern Technical Institute, a 
most fertile source of the numerous technicians 
needed. 

Although over 70 per cent of Georgia Tech's 
alumni now reside in the southeast (8,961 out 
of 19,272 live in Georgia), increased industriali- 
zation will encourage the retention in the South 
of more Tech graduates, young men whose 
education, perseverance and ambition equip them 
for roles in our economic progress and for lives 
of constructive citizenship. 


BLAKE R. VAN LEER, 


President, Georgia Institute of Technology 























ELECTRON MICROSCOPY 


By L. A. WOODWARD* 





The use of the electron microscope in the study of very small objects—those 
beyond the range of the optical microscope—has received considerable pub- 
lictty during recent years, although the principles involved and the tech- 
niques used in the preparation of samples are not at all well known. An 
over-all picture of the operation of the electron microscope and a discussion 
of some of its limitations are presented in this article, which will be fol- 
lowed (in a later issue) by an article describing the research uses of the 
Georgia Tech instrument. 


The invention of the optical magnifier in 
the 17th Century opened new vistas for 
scientific investigators of that day. Follow- 
ing this, improvements in lens systems re- 
duced further and further the limiting size 
of the smallest object that could be clearly 
viewed. However, after a time, continued 
developments failed to decrease that mini- 
mum size which was finally reached, and the 
wave theory developed during the latter part 
of the 19th Century finally indicated that 
the difficulty lay not in the lens systems but 
in the illumination system, namely, visible 
light. 

Because of the relatively long wave length 
of the electromagnetic radiation that com- 
poses the visible spectrum, the best optical 
systems are not capable of forming a clear 
image of an object smaller than 0.15 micron 
(0.15x10-$ meter, or about six millionths 
of an inch). The use of invisible ultra- 
violet light improves this resolution, but 
only by a factor of about two. Using X-ray 
radiations, which possess even shorter wave 
lengths, would improve this resolution still 
further, but a lens system that will form an 
image with these has yet to be devised. How- 
ever, because of their short wave length and 
great penetrability, X-rays are used in dif- 
fraction, which employs the reflection of the 
rays off individual atoms in crystal lattice 
structures. This indirect method gives con- 
siderable information about very small dis- 
tances and particle sizes. 

The same wave theory of light that 
pointed out the limits of visible light sys- 
tems also indicated that a stream of rapidly 
moving electrons, hitherto considered as 
simply a procession of discrete particles, 
should exhibit a wave-length characteristic 


*Assistant Professor of Physics; Faculty Research As- 
sociate, Georgia Tech Engineering Experiment Station. 
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depending on the speed with which the elec- 
trons were moving. Experimental investiga- 
tions following the approach of X-ray dif- 
fraction techniques verified this aspect of the 
theory and led to the acceptance of associ- 
ating wave lengths with these so-called mat- 
ter waves. The wave lengths readily attain- 
able for electron velocities are many thou- 
sands of times smaller than the smallest wave 
length in the visible light range. Since a 
moving charged particle such as an electron 
constitutes an electric current, previous 
studies of forces on current-carrying wires 
in magnetic fields led the way to the devel- 
opment of ‘‘lenses’’ which could bend the 
electron beam just as the lens in a reading 
glass bends a light beam. 








ons Nit Re ow 





Figure 1. The Georgia Tech Electron 
Microscope, with covers removed. 
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Thus, a microscope using an electron 
illumination system and properly shaped 
magnets as lenses came into being, pushing 
back by a factor of over 20 the limiting size 

“of the smallest object that could be clearly 
viewed. This improvement, however, was 
not gained without considerably increasing 
the complexity of the procedure necessary to 
investigate the previously unexplored world 
which lies beyond the reach of the conven- 
tional microscope. It is the purpose of this 
paper to discuss the capabilities of the in- 
strument developed and some of the limita- 
tions that are necessarily inherent in it; a 
later paper will demonstrate some of the uses 
of the electron microscope installation here 
at Georgia Tech. 


DESCRIPTION AND OPERATION 


Figure 1 is an ‘‘opened-up’’ picture of 
the R.C.A. Model EMU-2 Electron Micro- 
scope in the Georgia Tech Engineering Ex- 
periment Station. The microscope proper 
consists of a metal tube about three feet 
long and several inches in diameter. This 
tube is made in sections (some of which are 
the magnetic lenses) , fitted together with nu- 
merous vacuum seals in order that the col- 
umn (tube) can be evacuated to a low pres- 
sure. At the top of the column is an elec- 
tron gun, which consists of a heated tung- 
sten filament that produces electrons, and 
plates that accelerate the electrons through 
50,000 volts and direct them into a narrow 
beam. This is the only linear acceleration 
that the electrons receive, and, in order that 
they will continue on down the column 
without too many collisions with gas mole- 
cules, it is necessary to reduce the number of 
molecules present. A vacuum of around 0.1 
micron of mercury pressure, about one ten- 
millionth of normal atmospheric pressure, is 
sufficient to reduce these collisions to a toler- 
able number. 

The electron beam now passes through 
the condenser lens that controls the illumina- 
tion of the specimen. This lens consists of 
an iron-clad solenoid with a small aperture 
in the center. An electrical current passing 
through the coil controls the strength of the 
magnetic field produced. Varying this cur- 
rent changes the effective focal length of the 
lens, achieving the effect of controlling the 
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intensity of the electron beam that reaches 
the specimen. 

The beam now passes through the speci- 
men. It is important that this fact be re- 
membered, because of the requirements that 
it puts on the types and conditions of the 
samples to be studied. The passage of the 
electron beam through the specimen pro- 
duces a ‘‘shadowgraph”’ of it. Where a por- 
tion of the sample either absorbs or scatters 
the electrons, the part of the beam passing 
through such a portion has fewer electrons 
than the part which passes through an area 
of the sample having less effect on the elec- 
trons. Specifications for good samples are 
discussed later in this article. 

The objective lens of the electron micro- 
scope now forms an enlarged image of the 
“‘shadowgraph.”’ In construction, this lens 
is similar to the condenser lens and, as be- 
fore, focusing is accomplished by varying 
the current through the electrical coil. The 
image produced is in turn magnified by a 
similar lens called a projector lens, and a 
second image is formed on a fluorescent 
screen below this lens. Thus, the enlarge- 
ment of the ‘‘shadowgraph’’ is produced, as 
in a compound light microscope, by the mul- 
tiplication of the magnification of the objec- 
tive lens and the projector lens. 

Immediately below the fluorescent view- 
ing screen is a photographic plate. After the 
operator has selected the particular part of 
the sample which he wishes to record and 
has adjusted the focus, the screen can be 
lifted and the same electrons that were ac- 
tivating the fluorescent material can expose 
the photographic plate. 

The auxiliary equipment to the micro- 
scope proper consists of vacuum pumps to 
maintain the necessary column pressure, a 
high voltage supply for electron acceleration, 
accurately regulated current supplies for the 
various lenses, and a control panel. 

By changes in the assemblies of the ob- 
jective and projector lenses, and by variation 
of the current in the projector lens, a range 
of over-all magnification from 75X to 22,- 
000X may be achieved. There is rarely any 
reason for using the lower ranges of magni- 
fication, as this region is adequately covered 
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LIFE AND DEATH AT LOW TEMPERATURES 


By T. W. KETHLEY* 





In recognition of their research which led to the publication of several 
papers on aspects of the preservation of foods by freezing, T. W. Kethley, 
W. B. Cown, and F. Bellinger, last spring, received the 1950 First Fac- 
ulty Award of the Georgia Tech Sigma Xi Club. In addition to receiving 
a monetary reward, the winner each year is privileged to address the fac- 
ulty and friends of Georgia Tech, on a subject of his own choice, at a 


Sigma Xi lecture held during commencement week ceremonies. 


Professor 


Kethley chose as his subject ‘‘Life and Death at Low Temperatures,” a 
phase of his current research and a topic which, fascinating in itself, also 
permitted pertinent discussion of the philosophy of research. 


The study of low temperatures has a fas- 
cination for many, in addition, often, to 
very practical aspects. In nature, low tem- 
peratures are encountered in the arctic re- 
gions and (in winter) in the temperate 
zones; by man’s artifice, they are also 
available at command. 


* Research Assistant Professor. 


At Georgia Tech, our interest in low 
temperatures first arose from studies on the 
fundamental factors involved in the preser- 
vation of foods by freezing. Incidentally, 
the development of our work in this latter 
field might well serve as a case history in 
the study of the relationship between 
fundamental and applied research. Our ini- 
tial objectives related to applied problems, 





Figure 1. T. W. Kethley using equipment for the study of the subcooling characteristics 
of bacterial suspensions. 
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but it was soon decided that no real 
progress would be made until we had ob- 
tained a more thorough knowledge of the 
basic problems involved. 

However, in planning our work, we 
found no satisfactory methods for evaluat- 
ing our studies, and were thus confronted 
with the problem of devising our own 
techniques. In order to accomplish this 
logically, it was felt that a knowledge of the 
processes involved was essential. We there- 
fore laid out a two-pronged, broad pro- 
gram of research involving (1) a study of 
processes, the results of this study to be 
applied to the development of objective 
methods for evaluating changes in frozen 
foods; and (2) a study of causes, the re- 
sults of this study to be applied to the de- 
sign of equipment for the freezing preserva- 
tion of foods under optimum conditions. 

Interest in the subject of the present dis- 
cussion—life and death at low temperatures 
—arose from the latter phase of the above 
program. It appeared that knowledge of 
the exact nature of the cause of death by 
cold to cells and tissues might be of value 
in the determination of the nature and 
causes of the changes which follow the 
death of the cells of food tissues. 

Evidence thus far obtained, however, in- 
dicates that the primary causes of cellular 
death at low temperatures may well be 
separable from the causes of further physi- 
cal changes induced in dead cells by freez- 
ing and freezing storage. The evidence to 
support this contention is rather meager, 
but the possibility is sufficiently signifi- 
cant to warrant examining all evidence in 
the light of two sets of causations, one to 
account for cellular death and another to 
account for deteriorative changes following 
death. In the material covered in this 
paper, however, only the question of the 
causes of death at low temperatures will be 
considered. 


FREEZING OF HIGHLY ORGANIZED 
BODIES 

Man has for centuries been intrigued by 

reported observations that certain forms of 

life can be frozen solid and then revived 

at a later date following thawing. Tales of 

this kind have been handed down from past 
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generations, but the first recorded scientific 
attempt to test such a possibility was that 
of Reamur, who in 1726 reported that 
caterpillars could be frozen quite solid and 
yet would show activity when thawed. 
Further, in modern times, there are re- 
curring stories of survivors of past ages 
being preserved intact in ice masses—of 
the flesh of mammoths, ages old, having 
been maintained in an edible condition. 
We even have a supposed scientist, one 
Kapterev of Russia, reporting that crus- 
taceans which he unearthed from deep in 
permanently frozen soil had revived when 
thawed. Kapterev thought that the age of 
the layers of soil from which these crus- 
taceans were taken should be reckoned in 
thousands of years. It is perhaps appro- 
priate that these specimens were reportedly 
dug from the valley of the Great Never 
River! 

The myth of the revived frozen goldfish 
is a modern one—the story that these fish 
can be frozen in liquid air until sufficiently 
brittle to be shattered by a blow of a 
hammer, yet will be able to swim if thrown 
into water. All of these tales deal with 
highly organized forms of life. However, 
it is extremely doubtful ,that such life can 
be preserved by freezing; the breakdown 
of communications within the highly or- 
ganized body usually causes somatic death 
long before the individual cells have ceased 
their activity. 

More recent investigations have furnished 
us with rational explanations of most of 
these myths. It has been observed that the 
forms of life most commonly thought to 
survive freezing — caterpillars, frogs, and 
fish—enter a state of rigidity when their 
body temperatures approach freezing. Most 
present-day workers feel that earlier ob- 
servers confused this rigidity with the 
frozen state. Furthermore, earlier workers 
did not take into consideration the length 
of time required to cause the internal tem- 
perature of a frog or fish to drop to or 
below the freezing point; in most instances, 
the times of exposure to cold were insuffi- 
cient to insure actual freezing. Contemporary 
workers have shown that death ensues 
when the internal temperature of a frog or 
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EXPOSURE TESTING—A GUIDE FOR 
IMPROVEMENT OF EXTERIOR PAINTS 


By W. R. TOOKE, JR. * 





The beauty and durability of exterior house paints have been greatly 
improved during recent years through the development of new paint- 
making materials and new formulations of these materials. Paint ex- 
posure tests have contributed materially to these advances by providing 
a basis for evaluation of the new with the old and by indicating the 
types of failure which occur first under given exposure conditions. 
The following article describes the Georgia Tech exposure testing 
program—the methods, equipment and techniques employed. 


Paint exposure tests are made to obtain 
data on observable changes in the appear- 
ance and properties of paint films subjected 
to weathering under reasonably well defined 
and controlled conditions. Series of ex- 
posure tests may be designed to compare 
various paints or to study the effects of 
variations in composition, manufacture, ap- 
plication and exposure conditions. In gen- 
eral, the test procedure includes collection or 
preparation of test paints, application of 
these paints to selected panels or test struc- 
tures, exposure of the painted panels to 
weathering and recording of the weathering 
effects at periodic intervals. The data ob- 
tained from properly conducted exposure 
studies contribute greatly to the development 
of materials, formulations and practices that 


* Research Assistant. 








will produce paints of improved durability 
and beauty. 


House Paint Progress 

The paint industry has made considerable 
progress in the improvement of exterior 
house paints during the last two decades. 
Van Loo! has illustrated the comparative 
magnitude of these improvements with a 
series of photographs of painted panels hav- 
ing four years’ exposure. A formulation 
typical of those manufactured in 1927 in- 
dicated virtually complete film failure, while 
a postwar formulation was still in excellent 
condition at the end of the four-year period. 

Exposure studies have contributed ma- 
terially to developments in paint technology. 
The two-coat (special primer-top coat) 
system of paint application, the use of 
mixed pigment paints, and paint formula- 


ae RAPE te HE *: ae 





About 3,000 square feet of test panels can be exposed at Tech's Paint Testing Station 
located just off the Marietta Highway ten miles north of the campus. 
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tors’ increased awareness of the individual 
contributions of the various pigment and 
vehicle materials to the properties of the 
paint film are examples of these develop- 
ments. 

The quality and uniformity of pigment 
materials have been considerably improved, 
and new types of pigments have been de- 
veloped. Among high hiding-power pig- 
ments, titanium dioxide has achieved a 
dominant position. The single-pigment-in- 
oil type paint is now almost obsolete, and 
realization that judicious use of extender 
pigments actually promotes film durability 
has gained a new respectability for these 
materials. 

The technology of vehicle materials (oils, 
resins, driers and thinners) has also ad- 
vanced. Many new synthetic and modified 
oils and resins have been developed, but these 
materials have been used in house paints only 
in relatively small quantities. Favorable re- 
sults have been obtained with some of the 
synthetics, however, and more widespread 
use of these materials may be predicted. 

The shortage of linseed oil during World 
War II forced manufacturers to use a ‘“‘re- 
stricted-oil’’ type vehicle in which the actual 
oil content was cut by one-third or more. 
The composition consisted of approximately 
equal parts of raw oil, bodied oil and thin- 
ner. Paint technologists were somewhat 
surprised to discover that these “‘restricted- 
oil” paints proved superior to prewar paints 
in many cases. However, being conserva- 
tive by nature, the majority of paint manu- 
facturers increased the oil content of their 
paints slightly as a ‘‘margin of safety’’ after 
the wartime oil shortage was over. 

The action of paint driers in catalyzing 
film solidification has been given much study. 
These materials, usually in the form of 
metallic lineoleate or resinate salts, were 
formerly prepared by individual paint manu- 
facturers.- However, the variable activity and 
stability of these driers left much to be de- 
sired. Accordingly, research led to the de- 
velopment of new and improved driers based 
primarily on naphthenates and octoates. The 
manufacture of these driers has become a 
specialized industry, and most paint manu- 
facturers buy prepared driers rather than 
making them in their own plants. 
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Volatile thinners for house paints have 
attracted comparatively little research at- 
tention. For economic reasons, turpentine, 
the traditional paint thinner, has been vir- 
tually replaced by mineral spirits, These two 
materials seem to perform almost identically 
in exterior house paints; however, little 
actual data have been published on this 
subject. Thinners have been used in much 
greater quantities in the manufacture of ex- 
terior house paints since the adoption of the 
“‘restricted-oil’’ type vehicles previously 
mentioned. 

Thus from the accelerated progress of re- 
cent years new and improved paints have 
evolved. A _ typical present-day exterior 
house paint formulation may be described 
in general terms as a mixed pigment paint 
with slightly less total oil than prewar 
paints, but with a higher percentage of 
heavy bodied oil and thinner. It may or 
may not contain a small percentage of nat- 
ural or synthetic resin. This paint is usually 
packaged at the proper application con- 
sistency, and it therefore requires little or 
no reduction or thinning on the job. 

Despite the substantial paint progress al- 
ready achieved, research will continue to 
produce improvements. The great com- 
plexity of paint mixtures has, for the most 
part, necessitated empirical approaches to the 
solution of immediate problems. Compara- 
tively little knowledge of the fundamental 
chemistry and physics of film formation, ad- 
hesion and degradation has been gained. 
It may be noted, however, that in recent 
years more attention has been directed to 
these problems. For example, investigation 
of the properties of pigmented and unpig- 
mented films prepared from highly purified 
compounds is being conducted by the Na- 
tional Federation of Paint and Varnish 
Production Clubs. Other organizations are 
also conducting research on fundamental 
problems. As these investigations lead to 
more generalizations and improved theories, 
science will more completely replace art in 
paint-making. 


EXPOSURE TESTING TECHNIQUES 

Many conditions and variables markedly 
affect exposure test results. Since individual 
tests may require three or more years for 
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RECENT STATION PUBLICATIONS 





The following publications have been released by the Station since those 
reported in the March, 1950, issue of THE RESEARCH ENGINEER. 


REPRINTS 


R. S. Ingols, A Study of B.O.D. With Time as the 
Measurable Variable. Georgia Institute of Tech- 
nology, Engineering Experiment Station Reprint 
No. 39, 1950. 6 pages. Twenty-five cents. 


This article, reprinted from the November, 
1949, Sewage Works Journal, reports the 
results of an investigation on the possi- 
bility of developing a short-time B.O.D. 
test in which time would be the measurable 
variable. This was not successfully accom- 
plished, however, apparently because of the 
excessive time consumed (lag period) dur- 
ing which the bacteria make the necessary 
changes in the redox potential of the sample 
and because of the low initial redox poten- 
tial of some of the samples, which resulted 
in the immediate decolorization of the indi- 
cator. The experimental apparatus and 
procedure are described and the conclusions 
are presented primarily as a study of the 
manner in which the redox potential of 
sewage samples obtained from _ several 
sources changed during incubation with 
either free or combined oxygen. A.C.R. 
T. W. Kethley, W. B. Cown, and F. Bellinger, 
Freezing Time-Leakage Relationship for Straw- 
berries; and An Estimate of Thermal Conductiv- 
ities of Fruits and Vegetables, Georgia Institute 
of Technology, Engineering Experiment Station 
Reprint N. 40, 1950. 5 pages. Twenty-five cents. 
The relationship between leakage from 
strawberries and the time required for their 
freezing has now been determined, accord- 
ing to the first of these articles, reprinted 
from the January, 1950, issue of Food In- 
dustries. Berries which are cooled to 0° F. 
in 15 minutes or less will be of essentially 
the same quality, but berries frozen less 
rapidly will show a decrease in quality as 
the time of freezing increases. In the second 
paper, reprinted from the January, 1950, 
issue of Refrigerating Engineering, proce- 
dure and results are presented for successfully 
estimating the time-temperature data for 
cooling and freezing experiments, a prime 
necessity in studying certain biological and 
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physical characteristics which are affected in 

the freezing of foods. A.C.R. 

R. S. Ingols, J. C. Hildebrand, and G. M. Ridenour, 
Measuring the § of and Trade- 
Wastes—B.O.D. or O.C.? Georgia Institute of 
Technology, Engineering Experiment Station Re- 
print No. 41, 1950. 7 pages. Twenty-five cents. 

This paper, reprinted from the January, 

1950, Water and Sewage Works, presents 

in detail a discussion of the advantages and 

disadvantages of both the O.C. and B.O.D. 

techniques for measuring the strength of 

sewages. The authors conclude that much 
more can be learned about the sewage or in- 
dustrial waste sample from a careful com- 
parison of the O.C. and B.O.D. values than 
can be learned from the use of either test 
alone. A.C.R. 


CIRCULAR 


The Solvent Extraction of Oilseed 
Georgia Institute of 





E. P. Cofield, Jr., 
An Informational Survey, 


Technology, Engineering Experiment Station Cir- 
cular No. 28, 1950. 103 pages. One dollar and 
fifty cents. 


This survey, concerned primarily with the 
process of solvent extraction of oilseed——its 
capabilities and limitations, the types of 
equipment used and under development, the 
applicability of the process to various 
Georgia-grown oilseed (and others), its 
economic aspects, and the research oppor- 
tunities that it offers—-was prepared to an- 
swer the need for a comprehensive coverage 
of the technical and economic aspects of 
this rapidly developing field. In addition, 
various oil-bearing materials that are of 
economic importance are discussed, as are 
the locales in which they are grown and 
processed. The chemistry of the compounds 
commonly found in such materials and the 
structure of typical seed and fruits are also 
reviewed. Other commercial methods of 
processing oleaginous materials are described 
briefly, and a survey is included on the-ex- 
isting and potential commercial uses of 
oils and other ‘products derived in their 
processing. 
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ELECTRON MICROSCOPY 
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by light microscopes; alternately, magnifica- 
tions of over 15,000X impose serious lim- 
itations on the types of samples used. The 
range from about 4,000X to 13,000X is 
most often used and can be changed through 
ten steps by the turning of a single knob. 
Micrographs on the photographic plates can 
in turn be enlarged, and prints up to 9X 
made, subject to the usual photographic 
limitations of film grain size and clearness of 
focus on the plate. Thus, print magnifica- 
tions of 100,000X, and beyond in special 
cases, are obtainable by a combination of 
electron microscope and photographic en- 
largement. 
SPECIMEN SELECTION AND 
PREPARATION 

The selection and preparation of speci- 
mens involves many special problems, so 
that each particular case has to be handled 
individually. Sometimes, in fact, seemingly 
similar substances require decidedly different 
preparation. Certain general considerations 
are, however, common to all. As mentioned, 
the electron microscope column is evacuated, 
so that the electron beam will not be scat- 
tered by collisions with gas molecules. 
Therefore, the specimen must be of such a 
type that it can be viewed in this vacuum. 
It is not possible to construct an air lock 
to maintain the sample at normal pressures, 
since no material is known that would be 
strong enough and still be transparent to the 
electron beam. This means that most living 
organisms and tissues would be drastically 
changed when placed in the column. Ma- 
terials with high vapor pressures would be 
unsuitable for the same reason. 

Also previously mentioned. was the fact 
that the electrons must pass through the 
sample. This requires that the sample be 
thin, usually a few tenths of a micron if 
very large, or, if very small, it must be 
mounted on a suitable substrate. Although 
the specimen is, in effect, bombarded by the 
electrons, it must not change because of this 
unless such change is involved in the infor- 
mation that is desired. When the beam 
passes through the specimen, there is con- 
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siderable local heating, which may change 
the vapor pressure to a point where the 
sample evaporates. Many crystalline ma- 
terials are affected by such bombardment. 

If the sample is a fine powder and infor- 
mation such as particle shape and size distri- 
bution is desired, some means must be found 
to disperse the specimen in or on the sub- 
strate. This is often by no means an easy 
problem when the particles are very small, 
tenths of a micron or under in size, and 
sometimes it is impossible to do an entirely 
satisfactory job. If the range of particle 
sizes is large, it is preferable to find some 
means to divide the sample into smaller 
size-range fractions, otherwise dispersion is 
more difficult and details on the electron 
micrograph may be obscured. Stoke's Law 
settling affords a means of effecting such 
division, as does the centrifuge. 

Samples should be nearly chemically neu- 
tral, otherwise difficulty is encountered in 
the preparation of the substrate. 

The principal means of attaining con- 
trast in the image formed is the selective 
scattering of the various regions of the speci- 
men. This scattering is a function of the 
atomic number of the atoms involved, and 
for this reason materials containing the 
lighter atoms do not produce as good a pic- 
ture as those with heavier atoms. 

In summary, a specimen must be able to 
stand high vacuum and electron bombard- 
ment, be thin enough for the electron beam 
to pass through it or small enough so that 
the narrow beam necessary for high magnifi- 
cation may pass around it, and, unless pre- 
pared as indicated below, have a high enough 
atomic number to give sufficient contrast. 

A shadowgraph is necessarily two dimen- 
sional. Conventional photomicrographs do 
not, therefore, directly indicate the complete 
shape of the particle. Certain specimens in 
which most of the particles are similar may 
aggregate in such a way that some of the 
pieces are caught together and have different 
sides exposed to the beam. Then, evaluation 
of a series of plates may give sufficient data 
to establish the complete particle shape. 
Samples of crystalline materials which have 
considerable homogeneity of size lend them- 
selves to this approach. 

Also, at times it is possible to take one 
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exposure of a specimen and then by increas- 
ing the beam current cause the substrate to 
break. If conditions are suitable, the par- 
ticle, still adhering to the curling substrate, 
may turn through 90°, affording an oppor- 
tunity for a second exposure. Although this 
occurrence is, of course, largely a matter of 
fortunate chance, since there is no means of 
controlling the rotation, there are several 


examples of it cited in the literature, and it - 


has been accomplished at Georgia Tech on 
several occasions. 


REPLICA TECHNIQUES 

There are several ingenious methods of 
specimen preparation which are used to over- 
come some of the limitations mentioned 
above. These include replica techniques and 
heavy metal shadowing. A material such as 
a metal surface that cannot be cut thin 
enough to pass the necessary electron beam 
may be viewed by making a thin transpar- 
ent replica of its surface that can pass suffi- 
cient electrons. Materials that are used for 
substrates, such as Collodion or Formvar 
(polyvinyl formal), or evaporated films of 
silica can be used for this purpose. Usually, 
the replica requires the metal shadowing 
treatment described below to attain sufficient 
contrast. Certain biological samples, when 
properly fixed, can also be examined by the 
replica method, thus eliminating exposure 
of the sample to the vacuum. 


SHADOW CASTING 

Of considerable usefulness in indicating 
the third dimension, as well as increasing 
image contrast and improving definition, is 
the technique of shadow casting. In this 
process, a heavy metal, usually gold or 
chromium, is evaporated in a vacuum and 
allowed to fall obliquely on a_ suitably 
mounted specimen. Because of the lack of 
gas molecules, the metal propagates in 
straight lines from a very small source. Any 
irregularities in the substrate—usually the 
specimen itself—cause the metal to be 
shielded from a small region beyond the 
sample particle away from the source, de- 
pending on the angle used and the height 
of the sample. When electron micrographs 
are made from a shadowed specimen, the 
regions shielded from the metal scatter fewer 
electrons and so appear darker on the nega- 
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tive plate. If a positive plate is then made, 
and a print made from it, these shielded 
regions appear as dark shadows. From an 
accurate knowledge of the shadow angle, 
usually obtained by introducing a standard 
particle, measurement of the shadow can 
yield a definite indication of the height of 
the particle. In addition to this, any sur- 
face irregularities on the particle itself are 
brought out, and, because the metal deposits 
around the outline of the particle on at least 
three sides, definition is improved. Speci- 
mens with too low an atomic number for 
normal study may be viewed by the form 
of the metal coating they receive. 


CALIBRATION 

The above mention of a standard particle 
calls to mind a rather interesting instance of 
chance production and alert observation. 
The Dow Chemical Company sent samples 
of a latex solution to the University of 
Michigan for particle size distribution analy- 
sis on their electron microscope. There, it 
was found that over 99.99 per cent of one 
sample was composed of perfect spheres of 
uniform size. Portions of the remaining 
sample were sent to electron microscope lab- 
oratories all over the country with the re- 
quest that they determine the size of these 
spheres. Fourteen independent measurements 
agreed that the size was 0.2590 + 0.0025 
micron. 

These spheres filled a long standing need 
for a standard particle for calibration in the 
range that hitherto had presented a difficult 
problem. The focal lengths of the magnetic 
lenses depend on the current passing through 
the electrical windings, and this current is 
difficult to control in a completely satisfac- 
tory manner. In addition, the effects of the 
pole pieces on the magnetic field change with 
use. Therefore, the magnification obtained 
is not fixed, as in a set of light lenses, but 
changes with time and with use. The 
changes are not large, but accurate work on 
the smaller particles requires constant cali- 
bration. The usual procedure, formerly, 
was to make a picture of an easily recognized 
particle and*then measure it on a calibrated 
light microscope. However, because of the 
difference in range of the two instruments, 
this did not give too satisfactory results in 
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the range where the electron microscope was 
most valuable. The discovery of the uni- 
form latex spheres provided a calibrated par- 
ticle in the most desirable size range, one 
that could usually be introduced along with 
the specimen and thus calibrate both the 
micrograph plate and any subsequent en- 
larged prints. 

Incidentally, it is not known why this 
particular latex sample turned out as it did, 
and there is no way of controlling the proc- 
ess to produce more. However, enough of 
the sample is available to serve everyone de- 
siring some, and, since such a tiny amount 
is used for a given picture, the five-cubic- 
centimeter bottles distributed (without 
charge, by the way) should last a rather ac- 
tive laboratory at least 100 years. 


During the five years that the Georgia 
Tech electron microscope has been in opera- 
tion, it has been used extensively for re- 
search, both in the Engineering Experiment 
Station and for outside organizations. It 
has proved of particular value in evaluating 
samples from a project which dealt with the 
electrolytic preparation of activated man- 
ganese dioxide, as well as in studies on a 
variety of different materials such as clays, 
pigments, minerals, and gold sols. Without 
doubt, this electron microscope will con- 
tinue to be of increasing value to research in 
many fields as other industrial and institu- 
tional groups learn of its function and its 
availability at Georgia Tech. Some of the 
studies already performed will be described 
in a future article. 





LIFE AND DEATH AT LOW TEMPERATURES 


Continued from Page 6 





a fish is lowered enough to induce freezing. 

The goldfish myth deserves special con- 
sideration. Luyet mentions that he knew a 
juggler who used the freezing and thawing 
of goldfish as part of his act, and observes: 
“animals to be broken before the audience 
should be left for 35 seconds in liquid air, 
and those to be withdrawn, less than 10 
seconds.’’ Such a slight difference in time 
of immersion is easily masked by the pat- 
ter of the professional showman. It is of 
further interest that Luyet thoroughly in- 
vestigated the matter and obtained no sign 
of recovery from fish immersed for more 
than 15 seconds in liquid air, although he 
discovered that immersion for at least 35 
seconds was required to render the fish 
breakable. 


FREEZING OF MICROORGANISMS 

Turning from more highly organized 
forms of life to the consideration of the 
effect of cold on single-celled organisms— 
the so-called microorganisms—one enters a 
different realm. It was observed and re- 
corded as early as 1879 that the organisms 
responsible for yellow fever could survive 
subfreezing temperatures for long periods 
of time, and in 1885 an epidemic of ty- 
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phoid fever was traced to cultures of the 
organism which had remained frozen for 
weeks. A few years after this, various 
medical men became impressed by the de- 
structive power of liquid air on plant life, 
and extravagant claims were made for the 
germicidal power of liquid air. In order 
to test these claims, Mazyck P. Ravenal, 
an M.D. of Philadelphia, carried out certain 
most ingenious experiments in the year 
1899. He obtained a small quantity of 
liquid air from Professor Barker of the 
University of Pennsylvania and demon- 
strated conclusively that some pathogenic 
microorganisms could survive cooling to a 
temperature of at least —190° C. 

The techniques employed by Ravenal 
were extremely simple, yet most effective. 
Taking sterile silk threads, he dipped these 
into the cultures of his organisms and then 
quickly immersed the impregnated threads 
into the liquid air. The threads were left 
in the liquid air for varying lengths of 
time, up to three hours. At the end of the 
selected interval of time, the threads were 
removed from the liquid air and immedi- 
ately placed in nutrient solutions in an incu- 
bator. To quote the doctor: ‘‘In no case 
were the bacteria killed, nor could any in- 
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hibition even be detected, all cultures grow- 
ing as vigorously as the controls.” 

Although Ravenal’s experiments were 
not chronologically the first to demon- 
strate the survival of bacteria at extremely 
low temperatures, they were the first re- 
corded with sufficient completeness of de- 
tail to allow us to reconstruct them. Pictet 
of Geneva had published papers in 1884 
and 1893 on the action of extreme cold on 
microbes, but certain details of his ex- 
periments were not recorded. Furthermore, 
the experiments recorded by Ravenal are 
complete within themselves—they can, as 
it were, stand by themselves without the 
need of external support; controls were 
included, and all pertinent conditions were 
specified. In addition, these experiments 
recommended themselves because of their 
extreme simplicity, both as to equipment 
and technique. Here was a model experi- 
ment, an ideal case of the inspired individ- 
ual, apparently working alone, emerging 
from the laboratory with a new discovery. 

Unfortunately, however, there is many 
a step between the blush of first discovery 
(plus analysis of its significance) and an 
understanding of the causes involved. In 
the 51 years that have passed since Dr. 
Ravenal reported the results of hjs work 
to the Philadelphia Pathological Society, 
many workers have attempted to gain an 
understanding of the phenomenon he de- 
scribed—that certain bacteria can be cooled 
to extremely low temperatures yet still sur- 
vive. As time has passed, the techniques 
applied have become more complex and the 
equipment more elaborate and expensive. 
The truth of the matter is that first dis- 
coveries may often be the fruit of the lone 
investigator working with a few test tubes, 
but the quantitative study of such a dis- 
covery, the analysis of the significance of 
the variables involved—in short, the trans- 
lation of a brilliant idea into useful knowl- 
edge—require a great deal more effort and, 
usually, a great deal more equipment. 

During the first three decades of this 
century, even more confusing results were 
ebtained than previously. Some workers 
reported that all (or almost all) of certain 
bacterial populations were destroyed when 
stored at temperatures of —2° to —17° C., 
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whereas other researchers reported only a 
slight reduction in population after storage 
under these same conditions of temperature. 
A few observers performed experiments 
which indicated that these differences might 
be due to a protective influence of the me- 
dium in which the bacteria were cooled. 
Even more confusing were the results ob- 
tained when bacterial suspensions of the 
same type were cooled rapidly to very low 
temperatures. In most cases it was found, 
as by Ravenal, that the organisms sur- 
vived such treatment, but that the majority 
of them died when they were stored at 
temperatures between —2° and —20° C. 
ZONE OF CRYSTALLIZATION 
CONCEPT 

For some time these contradictory obser- 
vations were considered as accidental hap- 
penings and were probably attributed by 
various workers to variations in techniques. 
However, in the middle twenties, several 
histologists, notably Stiles in England and 
Plank in Germany, published articles con- 
cerning the temperature ‘‘zone of crystalliza- 
tion,’’ observed in the freezing of muscle 
fibers. They reported that the majority 
of the damage incurred by the muscle fiber 
during freezing took place when ice crystals 
began to form within and around the fibers, 
and they referred to the temperature range 
in which this occurred as the ‘‘zone of crys- 
tallization.’’ Although there does not seem 
to have been much free communication be- 
tween those interested in the effect of low 
temperatures on microorganisms and _ these 
histologists, nevertheless by the latter part 
of the third decade some consideration was 
given the role that ice formation might 
play in causing death at low temperatures. 

The theories that resulted have been 
found to be fully as conflicting as the ob- 
servations which they attempt to explain. 
As diverse as these theories were, none 
made any real effort to explain why it was 
that certain bacterial populations would 
diminish or even disappear at temperatures 
between —2° and —20° C., although those 
identical populations could be cooled as low 
as —253° C. without significant injury. 


VITRIFICATION CONCEPT 
In 1937, however, B. J. Luyet of St. 
Louis University introduced a new concept 
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—that living matter could be vitrified by 
exposure to extremely low temperatures, 
and that vitrified protoplasm could then be 
warmed to room temperature without suf- 
fering injury. The concept of the vitreous 
state is not new—silicate glasses are hun- 
dreds of years old—but a wider application 
than in glasses was not considered until 
1898 when Tamman pointed out that a 
large number of substances can be ob- 
tained as glasses and suggested that this 
property might be universal. 

Perhaps a few words on the vitreous 
state might be in order at this point. In 
passing from the liquid to the solid state, 
most substances become crystalline. If, 
however, the tendency for centers of crystal- 
lization to form in a substance is of a low 
order, or if the cooling from liquid to solid 
state is accomplished too quickly for crystal- 
lization to occur, the resultant solid will be 
glassy, or vitreous. Some workers prefer 
to think of the vitreous state as liquid rather 
than solid because, in the molecular sense, 
no orientation into crystalline form has 
occurred. In any event, a vitrified or glassy 
material has the property of transparency, 
whereas the crystalline form of the same 
substance is opaque or translucent. 


Because we are all familiar with ordinary 
glass, I believe that we can readily appreci- 
ate the concept of vitrification and devitrifi- 
cation. Thus, when a molten mix of glass 
is cooled rapidly enough below its melting 
point, it becomes a transparent solid; if, 
however, the mix is held at a temperature 
just below its melting point for a sufficient 
length of time, crystallization occurs. How- 
ever, once a vitrified solid is cooled well be- 
low the melting point, and kept there, it 
will remain glassy or vitreous for very long 
periods of time; perhaps indefinitely. On 
the other hand, if a vitrified glass is warmed 
to a temperature near its melting point, it 
will crystallize, or devitrify, becoming 
opaque or translucent. Most of you have 
probably observed this phenomenon in your 
attempts to work glass and can recall the 
unsightly cloudy appearance of some of 
your early bends or seals. This cloudy ap- 
pearance was due to crystal formation with- 
in the glass when it was held too long at 
a temperature just below its melting point. 
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As has been indicated earlier, B. J. Luyet 
was the first to publish work indicating 
that living matter might be vitrified. Alex- 
ander Goetz and Scott-Goetz apparently ar- 
rived at this conclusion independently, pre- 
dicting that vitrification would not be 
harmful to protoplasm because of the fact 
that crystal orientation does not take place 
in the vitreous state, and therefore vitrifica- 
tion would cause no change. At any rate, 
Luyet and Goetz have presented a partial 
explanation of why certain bacteria can 
withstand temperatures as low as —253° 
C., but are unable to survive for any ap- 
preciable length of time at temperatures in 
the range of zero to —20° C. Their the- 
ory postulates that when the temperature 
of the organism is lowered at a sufficiently 
rapid rate, the water within the protoplasm 
is transferred from a liquid or gel state to 
a vitreous state, without change, no crystals 
being formed. The rate of cooling required 
to induce vitrification in protoplasm is of 
the order of 1000° C. per second, and the 
rate of warming from the vitreous state 
must be of the same order of magnitude, 
otherwise devitrification occurs — that is, 
the vitreous matter will become crystalline 
prior to melting, and, if crystallization oc- 
curs, death follows in most instances. 

Thus the apparent anomaly of the dis- 
continuity of the effect of lowering the 
temperature of microorganisms has _ been 
partially explained. The fuil significance 
of this explanation, however, has not yet 
been elucidated, and many inconsistencies 
remain to be resolved. For example, many 
microorganisms can not only live, but can 
actually multiply in the temperature range 
of zero to —15° C., when, in the light 
of the theory just given, it would appear 
that crystallization and death should occur 
under these conditions. 


FUTURE WORK 


It is our belief that a great deal of in- 
formation as to the exact effect of tempera- 
ture on microorganisms must be obtained 
before we can really understand the phe- 
nomenon of life and death at low tempera- 
tures. It may well be that many of the 
apparently contradictory observations can be 
correlated if we can evaluate the variables 
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involved in experiments dealing with the 
survival of microorganisms at low tempera- 
tures. The environment, type and age of 
the ceils, rate of cooling and thawing, the 
water content of the cells themselves, and 
many other factors may have bearing on 
these phenomena. 

However, it seemed to us that the effect 
of temperature itself must be evaluated quan- 
titatively before we can progress further 
toward an understanding of the other fac- 
tors involved. For this reason, we are now 
engaged at Georgia Tech in just such a 
study—on the effect of low temperatures on 
the survival of microorganisms. This work 
has been made possible by a grant-in-aid 
from the National Institutes of Health. 

Incidentally, the securing of this grant 
is illustrative of some of the problems that 
confront science when it seeks funds. The 
public health people are interested in the 
possible survival of pathogenic bacteria in 
frozen foods as a potential public health 
hazard. We, on the other hand, are pri- 
marily interested in securing further in- 
formation as to the mechanics of life and 
death at low temperatures, but had no 
funds available for this work. The Insti- 
tutes of Health does have funds for re- 
search on problems of importance to it; we 
therefore presented to the Institutes a pro- 
posal for work which would yield the in- 
formation they desire and which would at 
the same time further the development of 
our own broad program on the preservation 
of foods by freezing. 

In carrying out this particular project, 
our approach is radically different from 
that of Ravenal, who recorded the first 
complete experiments on the survival of 
microorganisms at extremely low tempera- 
tures. His experiments were qualitative in 
nature; they proved conclusively that cer- 
tain pathogenic bacteria can withstand the 
low temperatures employed. In order to 
understand the full significance of this ob- 
servation, however, it seems necessary to 
carry out quantitative experiments to de- 
termine whether there are degrees of re- 
sponse to cold, or whether it is an “‘all or 
none’ effect. Ravendl’s equipment was sim- 
ple and inexpensive, but, because we must 
attempt to disassociate the organism as near- 
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ly as possible from the influence of its en- 
vironment in order to study the effect of 
temperature per se, our equipment has to 
be more elaborate and more expensive. 
Ravenal probably worked alone, but com- 
pletely quantitative studies of the effect of 
low temperatures upon life require the joint 
application of several sciences; therefore, we 
have attacked our problems on a project 
basis, consulting not only with biologists 
and physicists, but also with chemists and 
engineers. Such are the differences between 
qualitative discoveries and the quantitative 
investigations based on these discoveries. 


It may appear to many that it is “a 
long way’’ from the freezing of bacteria to 
the freezing preservation of foods. That 
is quite correct, but certain of the funda- 
mental changes that occur during exposure 
to low temperatures must be common to 
all protoplasm, so that, if we are ever able 
to understand these changes, we will then 
have taken a great step forward in the 
systematic study of preservation. As was 
indicated earlier, our food preservation re- 
search at Georgia Tech has been based on 
the theory that fundamental studies on 
processes and causes will yield information 
which can be applied to practical consid- 
erations, and that such a long-range pro- 
gram will produce more practical and use- 
ful results in a shorter length of time than 
will short-term, so-called applied research. 

In carrying on our investigations we 
have delved into many apparently unre- 
lated fields, but the data obtained and the 
hypotheses derived from the data have al- 
ready proved of value in predicting the 
probable operation of several processes 
which are of practical significance in the 
commercial freezing preservation of foods. 

In the interpretation and correlation of 
the results of a broad program, there is 
no known method of predicting in advance 
the particular field of investigation or source 
from which the most valuable information 
may be obtained—as was discovered by a 
little old lady at church. After an unusually 
long sermon, the preacher was pleasantly 
surprised by her somewhat effusive com- 
pliments on his discourse, the theme of her 
remarks being how greatly his sermon had 
helped her. When he inquired as to the 
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particular portion of the sermon that had 
aided her the most, she replied, ‘Why, when 
you were talking about the development of 
different personalities, you said, ‘Just as 
the fuchsia requires shade, and the poppy 
flourishes in full sun.’ Well, until then I 
never understood why Mrs. Jones’ fuchsia 
were always prettier than mine.”’ 


EXPOSURE TESTING 


Continued from Page 8 








complete evaluation, faulty techniques can- 
not be detected early. Therefore, painstaking 
care must be exercised in the planning and 
execution of testing procedure so that the 
exposure data obtained may be accurately 
representative of the particular conditions 
specified. Obviously, test results can have 
little meaning unless these conditions are 
well defined and all variables are closely 
controlled. 

Many investigators have published articles 
and papers on exposure testing and test 
results. 2 3 45 6789 Unfortunately, the 
results of different investigators have often 
proved difficult to correlate because of varia- 
tions in experimental conditions. Neverthe- 
less, all available information should be 
evaluated and utilized as fully as possible 
before setting up a testing program. While 
some principles are generally applicable and 
a few techniques have become well standard- 
ized, the advice of experienced paint tech- 
nologists is helpful in selecting the most 
appropriate procedures and conditions for a 
particular program. 

A complete description of details of all 
the various exposure testing techniques is 
beyond the scope of this article. However, 
description of the methods now being used 
in a testing program at Georgia Tech will 
indicate some of the considerations involved. 


Georgia Tech Program 

The coatings laboratory at the Georgia 
Tech Engineering Experiment Station and 
the research programs on exterior house 
paints have been described in a previous 
article.1° The Station, in cooperation with 
the Southern Paint and Varnish Production 
Club and the Southern Pine Association, is 
conducting a comparative study of what 
are considered to be the best exterior primer- 
top coat systems available today for applica- 
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tion to southern yellow pine. Before the 
laboratory work on this project was begun, 
the pertinent literature on the subject was 
reviewed and a program outline prepared 
along lines suggested in staff consultations 
and in correspondence with many leading 
paint technologists. 

For any paint exposure testing program 
the conditions and variables that require 
definition and control may be grouped into 
eight types as indicated by the headings in 
the discussion that follows. Under these 
headings the test methods selected for the 
Georgia Tech program are described, to- 
gether with a discussion of some of the 
reasons for selection of particular methods. 


Chemical Composition of Paints 

The ten primer paints and 15 top-coat 
paints that are being studied represent 
formulations that, for the most part, are 
familiar to the trade. A few are variations 
of these familiar formulations. The paint 
materials used in preparing these paints 
were all commercially available brands of 
the types normally used in paint manufac- 
ture. Where it was possible, a single brand 
and lot of material was used throughout 
all the formulations. For example, single 
lots of magnesium silicate extender pigment, 
raw linseed oil and mineral spirits were used 
in every paint. The same principle was 
applied to the maximum extent possible 
with all the other paint materials required. 
The purpose of this procedure was to elimi- 
nate the possibility of having variable prop- 
erties in any of the materials used in these 
paints. 


Preparation Methods 

Approximately one gallon of each paint 
was prepared. The required amounts of 
pigment and vehicle materials were carefully 
weighed out, and the pigment was charged 
into a laboratory paste mixer. A sufficient 
amount of vehicle was added to produce a 
thick paste which was mixed until it be- 
came quite ‘‘smooth.’’ Then more vehicle 
was added and the paste was further dis- 
persed on a three-roll mill adjusted to pro- 
duce a grind of about 2.5 (North Standards 
Scale) in a single pass. Finally the remain- 
ing vehicle was added and the paint thinned 
to satisfactory consistency and packaged in 
one-gallon cans. 
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This angle view of a 50-panel test fence 

accentuates the differences in appearance be- 

tween the various paint systems before 
weathering. 


While several different types and combi- 
nations of pigment-dispersing equipment are 
used by manufacturers in preparing house 
paints, the paste mixer and three-roll mill 
combination was selected for the present 
work because it is one most frequently em- 
ployed. Other popular types of equipment 
include the ball mill and, more recently, the 
paste mixer-colloid mill combination. 


Physical Properties of Paint 

Both chemical and physical data on paint 
materials were supplied by materials manu- 
facturers, Physical properties which required 
experimental determination and adjustment 
were the fineness of grind (degree of dis- 
persion of, pigment in vehicle), the weight 
per gallon of paint and its consistency. 
These properties were determined by means 
of the Hegman Gage, a weight-per-gallon 
cup and the Modified Stormer Viscometer, 
respectively. The use of these control instru- 
ments has become fairly standard in the in- 
dustry. Fineness of grind and consistency 
were determined and controlled because 
these variables affect the properties of the 
applied paint film. Determination of the 
weight-per-gallon of the finished paint al- 
lowed a rough check on the accuracy of 
the composition. 
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Test Panels 

Single primer-top coat systems were ap- 
plied to panels consisting of six boards of 
selected No. 105 pattern southern yellow 
pine siding, six inches wide and four feet 
long. These boards were mounted together 
on a frame so that a test area of about 
three feet by four feet was provided. A 
one-foot length along the left side of the 
front of each board was reserved. for ap- 
plication of a standard or reference primer 
and top coat; the remaining area, about nine 
square feet, was used for the experimental 
system. The back side of each board was 
given a heavy coat of aluminum primer to 
reduce the absorption of moisture, thereby 
simulating, to some extent, the protection 
normally given siding by the building. 
Moisture content of the wood was required 
to be 12 + 1 per cent at the time of ap- 
plication of the test primer, and, as de- 
termined by the Kaydel Gage, it was very 
nearly 12.0 per cent in most cases. After 
all paints were applied and allowed to dry, 
the panels were mounted on a test fence. 

The reasons for evaluating these paints 
on southern yellow pine lumber have been 
discussed previously.1° The No. 105 pat- 
tern of siding is a popular type. The com- 
paratively large test panel and the use of a 
standard system on each board were safe- 
guards employed to reduce the possibility 
of faulty interpretations resulting from non- 
uniformity of the wood structure. Moisture 
content, while not a critical variable at the 
levels encountered,14 was controlled mainly 
to preclude the possibility of painting damp 
panels. 


Application Methods and Spreading Rate 
All paints were applied indoors in a well 
ventilated room and allowed to dry for two 
days between coats and an additional two 
days before mounting on the test fence. A 
2%-inch hog bristle brush was used for 
spreading the paints. A dry film of constant 
average thickness was achieved on all panels 
by applying a calculated volume of paint 
to each panel from a calibrated surgical 
syringe and then brushing this paint to a 
uniform coating. The calculations and as- 
sumptions for determining dry film thick- 
ness for a given spreading rate were de- 
veloped by Browne,1? and further details 
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of the method used have been described by 
Wilkins and Weber.® 

Paint films may be evaluated on the basis 
of either constant wet-film thickness or 
constant dry-film thickness. The former 
method is more appropriate when one is 
interested merely in the comparative per- 
formance of each of several different pro- 
prietary paints applied to a given surface 
area. However, in the present work interest 
was directed toward variations in the non- 
volatile, film-forming ingredients in paint 
formulations. For this purpose constant 
average dry-film thicknesses are desirable for 
comparative evaluations. 


Direction and Angle of Panel Exposure 

Panels for the Georgia Tech program 
were exposed at a test station in a rural 
area about 10 miles north of Atlanta. All 
panels were exposed vertically, facing due 
south. South exposure of vertical test 
panels is generally considered to test most 
accurately the ultimate performance of a 
house paint, since initial paint film failure 
and the most severe weathering effects 
usually occur on the south side of a house. 

Paint technologists have observed that 
the changes occurring in paint films exposed 
on test fences are not always exactly identical 
to the changes in the same films applied to 
dwellings. In heated or air-conditioned 
buildings particularly, large temperature and 
moisture gradients and often higher moisture 
content may be found in the siding than 
in test fence panels.1° These effects in- 
fluence the durability of a paint film; how- 
ever, in moderate climates test fence data 
correspond very closely to actual tests on 
properly constructed dwellings. The obvious 
difficulties in controlling conditions for 
“‘practical’’ tests on houses will usually rule 
out this method when -a comparative study 
of a large number of paint systems is neces- 
sary as in the present investigation. 


Standards for Comparison and Evaluation 
It was mentioned previously that a one- 
foot length of each board in these tests was 
reserved for a ‘‘standard”’ or “‘control’’ paint 
system. In addition to supplying a ‘‘frame 
of reference’ for evaluating the performance 
of the experimental systems, this control 
paint system also serves as a monitor on 
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each board to detect erratic wood behavior 
which often occurs in yellow pine lumber. 
The control paint system has been prev- 
iously tested on southern yellow pine, and 
its performance is well known. 

An Exposure Standards Manual has been 
obtained from the National Federation of 
Paint and Varnish Production Clubs for 
evaluation of paint failures. This manual 
contains photographs illustrating the various 
types of film failures and the progressive 
degrees of such failures, assigning numerical 
values of from 10 to 0 (10 being perfect, 
0 being the poorest conceivable condition) . 
These photographs are being used to define 
the condition of the paint films at various 
intervals during exposure. 


Recording of Data 

Test panels are checked for loss of gloss 
and premature chalking at the end of one 
month. Thereafter the panels are checked 
once every three months, and the condition 
of each system is recorded on an exposure 
chart, together with the condition of the 
control system on each panel. Thus the 
performance of each paint system is fol- 
lowed and described and compared to the 
performance of a well known control sys- 
tem during the process of normal weather- 
ing. 


Interpretation of Test Results 

The foregoing description of test methods 
has indicated the multiplicity of variables 
involved in any exposure testing program. 
The investigator will usually prefer to ‘‘let 
the results speak for themselves’’ rather 
than attempt to draw any broad conclusions 
from a single series of studies. The pitfalls 
of attempting to extrapolate empirical rela- 
tions beyond the range of experimental data 
have been disastrously illustrated on many 
occasions. While the investigator may have 
full confidence in conclusions that fall with- 
in the scope of his investigation, attempts 
to apply these conclusions to other sets of 
conditions can only be regarded at best as 
‘educated guessing.” 

It becomes clear, then, why apparently 
contradictory results have sometimes been 
teported of exposure studies by different 
investigators. Usually these results were 
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obtained under different sets of conditions, 
and the effects of these differences cannot 
be evaluated quantitatively with the data 
at hand. In most cases close liaison is nec- 
essary to establish good correlations between 
the work of different investigators. 


Accelerated Tests 

To complete this discussion mention 
should be made of accelerated testing tech- 
niques. For the most part, accelerated tests 
have not been found very reliable in pre- 
dicting paint film performance under normal 
conditions. 13 14 15 16 As a rule, all of the 
physical and chemical changes which pro- 
duce paint film failures are not accelerated 
at the same rate by these tests. Thus a 
film might be completely eroded in an ac- 
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celerated test before such failures as crack- 
ing or peeling can be observed. This limi- 
tation is characteristic of mechanical (carbon 
arc and water spray) weathering machines, 
and is also present to a lesser extent in other 
accelerated techniques such as 45° exterior 
exposures for house paints and exposures 
in south Florida. 

It is claimed that south Florida exposures 
which usually enhance cracking and peeling 
can be well correlated with exposures in 
other locations. To do so requires use of 
an experimentally determined compensation 
factor for each type of film failure. These 
factors can be determined only by compari- 
son of Florida exposures with normal ex- 
posures in the locality considered. 

There is still a great need for a reliable 
accelerated weathering technique that could 
be used to predict film performance under 
any desired climatic conditions, and some 
work has already been done along this line. 
As exterior paints continue to improve in 
durability, the need for accelerated weather- 
ing tests becomes increasingly greater to 
permit evaluation within a reasonable time. 
It therefore seems inevitable that a reliable 
technique will be developed in the future. 
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Speaking of his food preservation work 
at Georgia Tech, Kethley says that it ‘‘has 
been based on the theory that fundamental 
studies on processes and causes will yield 
information, which can be applied to prac- 
tical considerations, and that such a long- 
range program will produce more practical 
and useful results in a shorter length of 
time than will short-term, so-called applied 
research.’’ This statement admirably sums 
up the function of quantitative research. 

Today there is a greater need than ever 
for quantitative facts, the basic building 
blocks to provide the foundations of a 
superior technology for defense and of an 
expanding economy in peace. Industry must 
concentrate upon fairly short-range applied 
research with the promise of quick results. 
But applied research draws upon long-range 
studies for fundamental data. Thus, the 
need for nonprofit institutions to perform 
quantitative research is as obvious as is 
the necessity for such research, itself. For- 
tunately, as a part of its unparalleled educa- 
tional system, our nation possesses the type 
of quantitative research personnel and fa- 
cilities required. Basic studies prosecuted in 
universities and their allied experiment sta- 
tions combined with the applied. research 
and productivity of American industry are 
our key to a secure and ever brighter future. 
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